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* NOTICES ♦ 

JPO and NCIPZ are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Clami(s)] 

1 . With Beam Which was Prepared on Substrate and Comiected to Reference Terminal The 1st edge 
and 2nd edge are fixed to the substrate, and **** or compression acts between said 1st edge and 2nd 
edge by bending of the substrate according to the magnitude of the physical parameter which it is 
going to measure. Beam which directs the physical parameter which can vibrate with the resonance 
frequency decided according to the **** or compression, and the resonance frequency tends to 
measure; 

The 1 St electrode from which it is the 1 st electrode prepared near said the beam 1 st side, and a beam 
vibrates, and the distance between the beam and 1st electrode changes, and the 1st capacitance 
between a beam and the 1st electrode changes according to vibration of a beam; 
It is the 2nd electrode prepared in said the near 1 st opposite side 2nd side of said beam. A beam 
vibrates and the distance between a beam and the 2nd electrode changes to hard flow to the distance 
between said beam and said 1st electrode. For the 1st capacitance between the 1st electrode and a 
beam, the 2nd capacitance between the 2nd electrode is said beam and the 2nd electrode from which 
it changes conversely.; 

Inverter by which the input was connected to said 1st electrode and the output was connected to said 
2nd electrode; 

Transistor resonance unification microbeam structure where it provided. 

2. Said Inverter : Transistor Which Has 1st Terminal Connected to Said 1st Electrode, 2nd Terminal 
Connected to Said 2nd Electrode, and 3rd Terminal Connected to Said Reference Terminal; 

Load impedance which has the 2nd termmal which has the 1st terminal connected to the 2nd 
terminal of the transistor, and was connected to the electrical-potential-difference terminal; 
Microbeam structure according to claim 1 of providing. 

3. Microbeam structure according to claim 2 which possesses further feedback impedance which has 
the 2nd terminal which has the 1 st terminal connected to the 1st terminal of said transistor, and was 
connected to the 2nd terminal of the transistor. 

4. Said 1st Electrode is Capacity Sensor.; 
Said 2nd electrode is an electrostatic driver.; 
Microbeam structure according to claim 3. 

5. Said Transistor is N-Channel Field-effect Transistor.; 

The 1st, 2nd, and 3rd terminals of the transistor are the gate, a drain, and the source, respectively.; 
Microbeam structure according to claim 4. 

6. Said Transistor is Bipolar Transistor.; 

The 1st, 2nd, and 3rd terminals of the transistor are the base, a collector, and an emitter.; 
Microbeam structure according to claim 4. 

7. Microbeam structure according to claim 5 which consists of resistor and capacitor by which said 
load impedance was mutually connected to juxtaposition. 

8. Beam Structure Established into Substrate; 

Driving means which the beam structure is approached and it is prepared, and beam structure is 
driven [ driving means ] and vibrates it according to a driving signal; 

A detection means to approach said beam structure, and for it to be prepared, to detect vibration of 
the beam structure, and to obtain a detecting signal; 

Circuit means for connecting with said driving means and detection means, and changing the 
detecting signal from a detection means into the driving signal for driving means; 
Unification microbeam structure where it provided. 
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9. Said Beam Structure Has Resonance Frequency.; 

The magnitude of the parameter with which the resonance frequency affects said beam structure is 
durected, and beam structure changes resonance frequency as a result of the effect.; 
Microbeam structure according to claim 8. 

10. The Beam with which the 1st Edge and 2nd Edge are Fixed to a Substrate, and **** or the 
Compression Which Produces by Bending of Substrate accordmg to Magnitude of Physical 
Parameter Which it is Going to Measure Acts between Said 1 st Edge and 2nd Edge, Have [ it is 
Prepared into a Substrate, and ] the Resonance Frequency Which Changes according to the ***♦ or 
Compression with the Beam Connected to Reference Terminal, and the Resonance Frequency 
Instructs a Physical Parameter to be; 

The 1st electrode prepared in the beam 1st side so that said beam vibrates, the distance between the 
beam aliped with said resonance frequency, and changed, and the 1st capacitance between beams 
might be inversely proportional to the distance between the beam as a result and it might change; 
The 2nd electrode from which the 2nd capacitance between beams is as in phase as said 1st 
capacitance, and it changes by being prepared in said the beam 1st side, and the distance between the 
beam changing in proportion to the distance between a beam and said 1st electrode; 
Non mverter by which the input was connected to said 1st electrode and the ou^ut was connected to 
said 2nd electrode; 

Transistor resonance unification microbeam structure where it provided. 

11. Said Non Inverter :. 1st Transistor Which Has 1st Terminal Connected to Said 1st Electrode, 2nd 
Terminal Connected to Said Reference Terminal, and 3rd Terminal; 

Inverter by which the input terminal was connected to the 3rd terminal of said transistor, and the 
output terminal was connected to said 2nd electrode; 
Microbeam structure according to claim 10 of providing. 

12. Microbeam structure according to claim 1 1 which possesses fiuther the feedback unpedance 
which has the 2nd terminal which has the 1st terminal connected to said 1st terminal of said 1st 
transistor, and was connected to said 3rd terminal. 

13. Said 1st Electrode is Sense Electrode.; 
Said 2nd electrode is a drive electrode.; 
Microbeam structure according to claim 12. 

14. Said Inverter : 2nd Transistor Which Has 1st Terminal Connected to Said 3rd Terminal of Said 
1st Transistor, and Has 2nd Terminal Connected to the 1st Terminal, and 3rd Terminal Connected to 
Electrical-Potential-Difference Terminal; 

The 3rd transistor which has the 3rd terminal which has the 1 st terminal connected to said 2nd 
electrode, and has the 2nd terminal connected to the 2nd terminal of said 2nd transistor, and was 
connected to said electrical-potential-difference terminal; 

Impedance which has the 2nd termmal which has the 1st terminal connected to the 1st terminal of 
the 3rd transistor, and was connected to said reference terminal; 
Microbeam structure according to claim 13 of providing. 

1 5. Said Non Inverter : Transistor Which Has 1st Terminal Connected to Said 1st Electrode, 2nd 
Terminal Connected to Electrical-Potential-Difiference Terminal, and 3rd Terminal Connected to 
Said 2nd Electrode; 

Load impedance which has the 2nd terminal connected to the 1st terminal connected to the 3rd 
terminal of the transistor, and said reference terminal; 
Microbeam structure according to claim 10 of providing. 

16. Microbeam structure according to claim 15 of providing further the feedback impedance which 
has the 2nd terminal by which said non mverter has the 1st terminal connected to said 1st terminal of 
said transistor, and was connected to said 2nd terminal of the transistor. 

17. Said Transistor is N-Channel Field-effect Transistor.; 

Microbeam structure according to claim 16 where the 1st, 2nd, and 3rd terminals of the transistor are 
the gate, a drain, and the source, respectively. 

18. Said Transistor is Bipolar Transistor.; 

The 1 st, 2nd, and 3rd terminals of the transistor are the base, a collector, and an emitter.; 
Microbeam structure according to claim 16. 

19. With 1st Beam Which was Prepared into Substrate and Connected to Reference Terminal The 1st 
edge and 2nd edge are fixed to the substrate, and or compression acts between the 1st edge and 
2nd edge by bending of the substrate according to the magnitude of the physical parameter which it 
is going to measure. The 1st beam with which have the resonance frequency decided according to 
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the **** or compression, and the resonance frequency instructs said physical parameter to be; 
With the 2nd beam which approached the 1st beam, was prepared and was connected to the 
reference termmai The 1st edge and 2nd edge are fixed to the 1st and 2nd edges of the 1st beam. If 
separate fixed distance from the 1st beam, it is arranged in parallel with the 1st beam, the same **** 
or compression as the 1st beam acts and the 1st beam vibrates The 2nd beam mechanically combined 
with the 1st beam as vibrated with the same resonance frequency as the 1st beam, and the phase 
shifted 1 80 degrees to the 1st beam and vibrated; 

With the 1st electrode prepared in the 1st beam 1st side opposite to said the 1st beam 2nd side which 
is a side near the 2nd beam by approaching The 1st electrode which has the 1st distance which 
changes to the 1 st beam when the 1 st beam vibrates, and has the 1 st capacitance between the 1 st 
beam which is inversely proportional to said 1st distance, and changes with the resonance frequency 
of the 1st beam; 

With the 2nd electrode prepared in the 2nd beam 1st side opposite to said the 2nd beam 2nd side 
which is a side near said 1st beam by approaching The 2nd electrode which has the 2nd distance 
which changes to the 2nd beam vAien the 2nd beam vibrates, and has the 2nd capacitance between 
the 2nd beam which is inversely proportional to said 2nd distance, and changes with the resonance 
frequency of the 2nd beam; 

Non inverter by which the input was connected to said 2nd electrode and the output was connected 
to said 1st electrode; 

Transistor resonance unification microbeam structure where it provided. 

20. Said Non Inverter : 1st Transistor Which Has 1 st Terminal Connected to Said 2nd Electrode, 2nd 
Terminal Connected to Said Reference Terminal, and 3rd Terminal; 

Load impedance which has the 2nd terminal connected to the 1st terminal and the 1st electrical- 
potential-difference terminal which were connected to the 3rd terminal of the 1st transistor; 
Inverter by which the input terminal was connected to the 3rd terminal of the 1st transistor, and the 
output terminal was connected to said 1st electrode; 
Microbeam structure according to claim 19 of providing. 

21. Microbeam structure according to claim 20 which possesses fiirther the feedback impedance 
which has the 2nd termmai which has the 1st terminal connected to the 3rd terminal of said 1st 
transistor, and was connected to the 1st terminal of the 1st transistor. 

22. Said 1st Electrode is Driver Electrode.; 
Said 2nd electrode is a sensor electrode.; 
Microbeam structure according to claim 20. 

23. Said Inverter : 2nd Transistor Which Has 1st Terminal, Has 2nd Terminal Connected to Said 
Output Terminal of Inverter, and Has 3rd Terminal Connected to 2nd Eiectrical-Potential-Difference 
Terminal; 

The 3rd transistor which has the 3rd terminal which has the 1st terminal connected to the 1st 
terminal of the 2nd transistor, and has the 2nd terminal coimected to said reference terminal, and was 
connected to the 2nd terminal of the 2nd transistor; 

Input impedance which has the 2nd terminal which has the 1st terminal connected to said input 
terminal of an inverter, and was connected to the 1 st terminal of the 2nd and 3rd transistors; 
Microbeam structure according to claim 22 of providing. 

24. Said Non Inverter : Non, Transistor Which Has 1st Terminal Connected to Said Input Terminal 
of Inverter, 2nd Terminal Connected to Electrical-Potential-Diflference Terminal, and 3rd Terminal 
Coimected to Said Output Terminal of Non Inverter; 

Load impedance which has the 2nd terminal connected to the 1st terminal connected to the 3rd 
terminal of the transistor, and said reference terminal; 
Microbeam structure according to claim 19 of providing. 

25. Microbeam structure according to claim 24 of providmg fiirther the feedback hnpedance which 
has the 2nd terminal by which said non inverter has the 1st terminal connected to the 1st terminal of 
said transistor, and was connected to the 2nd terminal of the transistor. 

26. Said Transistor is N-Channel Field-effect Transistor.; 

Microbeam structure accordmg to claim 25 where the 1st, 2nd, and 3rd terminals of the transistor are 
the gate, a drain, and the source, respectively. 

27. Said Transistor is Bipolar Transistor.; 

The 1st, 2nd, and 3rd terminals of the transistor are the base, a collector, and an emitter*; 
Microbeam structure according to claim 25. 

28. 1st Beam in which Vibrating Thing Which was Established into Substrate is Possible; 
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The 2nd beam in which the vibrating thing which the 1st beam was approached and was established 
into the substrate is possible; 

The 3rd beam in which the vibrating thing which said 2nd beam was approached and was established 
mto said substrate is possible; 

The 1 St electrode which has the capacitance of the value which approaches said 1 st beam and 

changes according to the vibrational motion of the 1st beam to the 1st beam; 

The 2nd electrode which has the capacitance of the value which approaches said 2nd beam and 

changes according to the vibrational motion of the 2nd beam to the 2nd beam; 

The 3rd electrode vAnch has the capacitance of the value which approaches said 3rd beam and 

changes according to the vibrational motion of the 3rd beam to the 3rd beam; 

Inverter by which the input was connected to said 1st and 3rd electrodes, and the output was 

connected to said 2nd electrode; 

It provides. The edge of said 1st, 2nd, and 3rd beams is fixed to said substrate, and it connects with 
the reference terminal, and has the resonance frequency which changes by relation with **** or 
compression produced according to the physical development which has a certain magnitude applied 
to the edge of the 1st, 2nd, and 3rd beams of this adjournment, and the resonance frequency directs 
the magnitude of physical development.; 
Transistor resonance unification microbeam structure. 

29. Said Inverter : Transistor Which Has 1st Terminal Connected to Said Input of Inverter, 2nd 
Terminal Connected to Reference Terminal, and 3rd Terminal Connected to the Inverter 
Aforementioned Output; 

Load impedance which has the 2nd terminal connected to the 1st terminal and electrical-potential- 
difference terminal which were connected to the 3rd terminal of the transistor; 
Microbeam structure according to claim 28 of providing. 

30. Said 1st and 3rd Electrodes are Capacitive Detection Electrodes Which Detect Vibrational 
Motion of Said 1st and 3rd Beams, Respectively.; 

Those with electrostatic drive ****** which said 2nd electrode drives said 2nd beam, and vibrates 
with said resonance frequency; 

It drives so that it may vibrate with said resonance frequency through mechanical association by 
being close to the 2nd beam while said 1st and 3rd beams are vibrating.; 
Microbeam *♦♦***♦* according to claim 29. 

31. Microbeam structure according to claim 30 which possesses further the feedback resistor which 
has the 1st and 2nd terminals connected to the 1st and 3rd terminals of said transistor, respectively. 

32. Said Transistor is N-Chaimel Field-effect Transistor.; 

Microbeam structure according to claim 31 where the 1st, 2nd, and 3rd terminals of the transistor are 
the gate, the sowce, and a drain, respectively. 

33. Said Transistor is Bipolar Transistor.; 

The 1st, 2nd, and 3rd terminals of the transistor are the base, an emitter, and a collector.; 
Microbeam structure according to claim 31. 

34. Beam Which Has 1st Edge Fixed to Substrate, and 2nd Edge Which Vibrates Freely; 

The 1st electrode arranged so that the 1st capacitance which will change if the beam is approached 
and a beam vibrates between the beam may be formed; 

The 2nd electrode arranged so that the 2nd capacitance which a phase will shift from said 1st 
capacitance about 1 80 degrees, and will change if said beam is approached and a beam vibrates 
between the beam may be formed; 

Transistor resonance unification microbeam structure where it provided. 

35. Microbeam structure according to claim 34 which possesses further the inverter by which the 
input was connected to said 2nd electrode and the output was connected to said 1st electrode. 

36. Said Inverter : Transistor Which Has 1st Terminal Connected to Said 1st Electrode, 2nd 
Terminal Connected to Said 2nd Electrode, and 3rd Terminal Connected to Said Beam; 

Load impedance which has the 2nd terminal which has the 1st terminal connected to the 1st terminal 
of the transistor, and was connected to the electrical -potential-difference terminal; 
Microbeam structure according to claim 35 of providing. 

37. Microbeam structure according to claim 36 which possesses further the 2nd terminal which has 
the 1st terminal connected to the 1st terminal of said transistor, and was connected to the 2nd 
terminal of the transistor. 

38. Said 1st Electrode is Electrostatic Driver.; 
Said 2nd electrode is a capacity sensor.; 
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Microbeam structure according to claim 37. 

39. At Least One Beam by Which End Section was Fixed at Least to Substrate; 

Electrostatic drive electrode which the at least one beam is approached and it is prepared, and the at 
least one beam is driven [ electrode ] and vibrates it; 

Capacity sense electrode for approaching the at least one beam, being prepared, and detecting 
vibration of the at least one beam; 

The buffer/amplifier circuit where the input was connected to the capacity sense electrode; 
Transistor resonance unification microbeam structure where it provided. 

40. Microbeam structure according to claim 39 where the output of said buffer/amplifier circuit is 
connected to said electrostatic drive electrode. 

41 . Two or More Beams Arranged at Least by Approaching the at Least One Beam of Other in the 
Plurality Respectively v\dth Two or More Beams of Each by Which End Section was Fixed to 
Substrate so that Vibration of Each Beam May be Mechanically Combined with Other at Least One 
Beam in Two or More of the Beams; 

At least one capacity sense electrode arranged by approaching at least one beam in two or more of 

the beams; 

At least one electrostatic drive electrode arranged by approaching at least one beam in said two or 
more beams; 

Circuit where the input was connected to the at least one capacity sense electrode; 
Transistor resonance unification microbeam structure where it provided. 

42. Microbeam structure according to claim 41 where the output of said circuit was connected to said 
at least one electrostatic drive electrode. 

43. Microbeam structure according to claim 42 where said circuit is an inverter. 

44. Said Inverter : Transistor Which Has 1st Terminal Connected to Said Input of Said Circuit, 2nd 
Tenninal Connected to Said Output of Said Circuit, and 3rd Terminal Electrically Connected to Said 

Two or More Beams; 

Load impedance which has the 2nd tenninal which has the 1st temiinal connected to the 2nd 
terminal of the transistor, and was connected to the electrical-potential-difference terminal; 
Feedback impedance which has the 2nd terminal which has the 1st terminal connected to the 1st 
terminal of said transistor, and was connected to the 2nd terminal of the transistor; 
Microbeam structure according to claim 43 of providing. 

45. Said Transistor is N-Channel Field-effect Transistor.; 

Microbeam structure according to claim 44 where the 1st, 2nd, and 3rd terminals of the transistor are 
the gate, a drain, and the source, respectively. 

46. Said Transistor is Bipolar Transistor.; 

The 1st, 2nd, and 3rd terminals of the transistor are the base, a collector, and an emitter.; 
Microbeam structure according to claim 44. 

47. Microbeam structure according to claim 42 where supply driver voltage to at least one 
electrostatic drive electrode with which said circuit approached at least one beam in said two or more 
beams, and the driver voltage has the rate of the at least one beam in two or more of the beams, and 
the component of an inphase. 



[Translation done.] 
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♦NOTICES* 

JPO and NCZPX . are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

A unification resonance microbeam sensor and transistor oscillator Background of invention 
Especially this invention relates to a resonance unification microbeam sensor (RIMS) about a 
resonance sensor. This invention relates to the transistor and RIMS oscillator which were unified in 
more detail. 

The single transistor resonance microbeam device was developed as an object for narrow band filters 
in the 1960s, and was called a "resonant gate transistor" or "RGT." In GRT, although the one 
apparatus oscillator (self-resonance mold) was taken out as a demonstration product, it was required 
for the same fi-equency to use two RGT devices which took alignment. When the device of those 
both showed 90-degree phase deviation by the resonance point and impressed a signal to one beam 
instead of a drive electrode of a device, 180 more-degree phase deviation was obtained. The analysis 
about this resonant gate transistor is fundamentally applicable to this invention, and since an 
electrostatic drive and capacitive detection of vibrator essentially amplify input voltage for the scale 
factor of Q with resonance frequency even if the actual voltage gain of a transistor resonance 
microbeam pair is smaller than 1 , a full open loop gain can become larger than 1 . 
Outline of invention This invention is in an easy and cheap means for driving a resonance unification 
microbeam sensor in the resonance point by which the single transistor in which the thing of a RIMS 
device made immediately next is possible was used on the chip. A microbeam is in switch-on, and it 
has ground potential, and a drive and a sense electrode are usually put on the both sides of a 
resonance microbeam. 

Instead of closing a loop formation for self-resonance, this invention can impress input voltage to a 
drive electrode, and it can be used for it also as a narrow-band passage filter by taking an output with 
a dram or a collector. I hear that a transistor and a resonance microbeam are made from the process 
moreover optimized for each by coincidence, and the advantage of the device of this invention has 
them in it. Smce the drive electrode and the sense electrode of each other are put on the opposite side 
about the beam, when the capacitance of one electrode decreases, the capacitance of the electrode of 
another side increases, by this, I hear that self-resonance is possible for the main differences between 
this invention and the conventional RIMS device (included in this application by U.S. Pat. No. 
5,275,055 [ / else / Zook / of issue ], and reference on January 4, 1994), and there are. According to 
the configuration of this invention, I hear that can realize a resonance distortion transducer using 
larger gain than 1, this can be compensated according to a suitable microstructure, and an impression 
stimulus of a pressure, acceleration, the force, and others can be measured, and it is. 
The conventional RIMS sensor was a thing based on the principle of detecting the deflection of a 
. microbeam using a piezo-electric resistor, this invention - a transistor ~ using - a microbeam - it is 
based on the principle of performing capacitive detection of a variation rate, and a transistor is used 
in order to drive a beam on the other hand and to maintain self-resonance. (In this application 
specification, the vocabulary a "microbeam" and a "beam" may be used for homonymy) . Moreover, 
bias of the amplifier is carried out to a linearity field using the Takanao style impedance feedback 
resistor. Although a transistor RIMS device needs to make a transistor on the same chip as a 
resonance microbeam at coincidence, since a piezo-electric resistor is excluded, the whole 
manufacture process is by no means complicated compared with piezo-electric resistance mold 
RIMS structure. 

Since this invention has the description in using a far easy polish recon process and does not have a 
sense current, it has the advantage in which there is no i2R heatmg of a beam. This is the general 
description which capacity drive / sense method has compared with a piezo-electric resistance 
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method. 

If it summarizes, the device of this invention will be the micro electric machine oscillator which 
consisted of a mechanical vibration member, two electrodes, and transistor structure, and the 
frequency of an oscillator will be decided by a mechanical vibration child's oscillation frequency. 
Two electrodes of each other are preferably arranged to the opposite side to an oscillating beam or an 
oscillating member. The electrode of one of these is connected to the input of a transistor, and 
another electrode is connected to the output of a transistor. Electrostatic drive and capacitive 
detection are performed to coincidence, and a resonance microbeam distortion sensing element is 
operated with the resonance frequency. 

By the resonance unification micro sensor, a sensor technique can regain the delay of the technique 
of digital electronics. It is easy to treat the information, i.e., digital information, which takes one of 
two conditions rather than an analog signal, and the ftmdamental view made to digitize almost all 
signal processing tended to maintain information precision. A RIMS device is attained by abolishing 
the error of the form of the drift produced by the analog circuit by carrying out direct conversion to 
the signal to which the variable detected in this target was switched. The information detected is 
memorized in the form of a switching frequency. 

An example of such a sensor is a RIMS sensor. Formation of a vacuum enclosure microbeam was 
attained as a result of the advance latest [ in formation of the three-dimension silicon fine structure 
by the micro machining technique ]. The resonance frequency of a microbeam is decided by the 
geometric property and mechanical characteristic, and is unrelated to the electrical property. 
However, almost as the condition of the bowstring of a musical instrument changes with extent of 
relaxation or stress, resonance frequency will change, if the distortion on a beam changes. All 
distortion combined with a microbeam through sensor structure produces change of the frequency of 
a sensor output. This false digital signal is the compUcated analog after buffer magnification was 
carried out. A control system is directly supplied through digital (A/D) conversion. Although 
induction distortion may be produced with a pressure, acceleration, a temperature air current, or 
humidity by the design of the fine structure formed a microbeam and in the shape of a monolithic, it 
is not necessarily generated only by these. 

By the silicon resonance microbeam method, precision, the outstanding stability, and the outstanding 
dynamic range can be attained. A RIMS device is a very high quality (Q) muhiplier exceeding 
100,000, and the frequency stability (it is proved that it is said that several ppm (1/1 million) will be 
shown also after progress in several years.) over a long period of time. Furthermore, the sensor 
responsibility which this kind of sensor showed big frequency transition by impression distortion 
(delta£^j>1400*deltal/l), therefore was excellent is secured. Therefore, a RIMS sensor can be used in 
order to detect many physical variables and environment variables over a large dynamic range as it is 
also at high sensibility and unprecedented prolonged stability, and moreover, the direct-input signal 
to a digital circuit is acquired. Although a frequency output is directly obtained in a RIMS oscillator, 
this is very desirable for a high performance digital sensor. A direct counter and a reference clock 
can perform conversion to digital data from electrical frequency. It is thought that this combination is 
generally the easiest and is accuracy and an analog digital translation process with the highest cost 
effectiveness most. Furthermore, a variable frequency output can be transmitted without an error 
covering various distance, and, moreover, a drift, distortion, and external interference are not almost. 
Since a resonance sensor changes a detection variable into a frequency essentially, compared with 
the conventional A/D-conversion method, easy nature, dependability, and discrimination nature are 
also improved. The digital read-out equipment of a proper is completely suitable for today's digital 
control system. 

The resonance sensor has been used in order to perform high precision measurement over many 
years. RIMS structure is perfect monolithic silicon structure, and since a RIMS method does not 
have other ingredients (namely, piezoelectric material, a magnetic material, or a metal) 
subordinately, it has the remarkable advantage as compared with other resonance sensors like a 
crystal oscillator. Annealing processing is usually carried out at an elevated temperature (950 
degrees C of for example, ** Centigrade), and RIMS structure produces neither a creep nor stress 
relaxation at the temperature more than the usual sensor operating temperature (-50 degrees C thru/or 
+150 degrees C), and becomes stability completely. 

Easy explanation of a drawing Drawin g 1 a is the outline circuit diagram of the electronic circuitry 
of a single beam and the single transistor RIMS. 

-Drawing J b is the circuit diagram of the equal circuit of the electronic circuitry of drawing J a. 
Drawing c is the outline circuit diagram of the electronic circuitry of the transistor RIMS 
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incorporating a bipolar transistor. 

Drawing 2 a is the plan of the single transistor single beam RIMS made by the silicon unification 
circuit. 

Drawing 2 b is the side elevation of the beam element of the device of drawing 2 a. 

Diawing^ is the wave form chart showing the phase relation between movements and the electronic 

signals of the beam of RIMS. 

Drawing 4 shows the feedback resistor which has the main tap by which capacity coupling was 
carried out to the ground. 

Drawing 5 a and 5b show other two deformation modes of a feedback resistor. 
Drawing 6 shows a patagium resonance beam. 
Drawin g 7 shows a ****** dual beam resonator. 

D rawing 8 a and 8b are the outline circuit diagrams of the electronic circuitry of the sense electrode 

arranged at the side with one same beam, and a drive electrode. - 

Drawing 9 a and 9b show die structure and the electronic circuitry of the dual beam RIMS. 

DraMOgJ O a thru/or lOd of the structures and the electronic circuitries of the triple beam RIMS are 

shown. 

Drawing 1 1 a thru/or 1 1 c show cantilever beam structure. 

D rawin g 12 a is the outline circuit diagram of the electronic circuitry of closed-loop cantilever beam 
structure. 

Draw ng J 2 b is the outline circuit diagram of the electronic circuitry of open loop cantilever beam 
structure. 

Dmwing_12 c is the outline circuit diagram of the electronic circuitry of closed-loop cantilever dual 
beam structure. 

Drawing J„2 d is the outline circuit diagram of the electronic circuitry of open loop cantilever dual 
beam structure. 

Explanation of an operation gestalt Drawin g 1 a is the outlme circuit diagram of the transistor RIMS 
device 10. The equal circuit is shown in drawing 1 b. Since it connects with the reference voltage 
terminal or the ground electrically, the resonance microbeam 14 has been illustrated as touch-down 
beam structure. The electrostatic drive electrode 16 and the capacitive sense electrode 18 are 
arranged at the both sides of a beam 14. The sense electrode 18 detects movement or vibration of a 
beam 14 through change of the capacitance between a beam 14 and the sense electrode 18. An 
electrode 18 and a beam 14 form in practice the electrode of capacitance Cs which changes 
according to the distance between a beam 14 and an electrode 18 at the time of vibration of a beam 
14 in that case. The signal which shows the relation between a beam 14 and an electrode 1 8 is 
suppHed to the gate 28 of FET26. The drive electrode 16 is connected to the drain 24. The drain 24 
constitutes the output 35 of a circuit 10. Drive a beam 14 electrostatic and an output 35 makes it 
exercise, and it supplies a driving signal to an electrode 16 so that vibration with the resonance 
frequency may be made to maintain. The capacitance Cd corresponding to this resembles the relation 
between a beam 14 and the sense electrode 18 at the structure of the drive electrode 16, and a related 
list with the beam 14. The drain 24 of FET26 is connected to the end of the load impedance from 
which the loading resistor 32 and the load capacitor 34 were connected and constituted by 
juxtaposition. The other end of load impedance is connected to the voltage source V+33. The value 
of a loading resistor 32 and the load capacitor 34 is influenced in part for this resonance frequency 
range with regards to the resonance frequency range of a beam 14 by the forwawl and/or negative 
tension which joins a beam. The input and phase by which the signal of the output 35 of a circuit 10 
is supplied to the gate 28 are shifted 180 degrees. This is because electrodes 18 and 16 are in the 
opposite side of a beam 14, it actually reached [ upper ] capacitive electrode pair 14 and the distance 
relation between 16, and 14 and 18 has shifted 180 degrees in the phase. The source 36 of FET26 is 
connected to the reference terminal or the ground 31. An end is connected to the drain 24 of FET26, 
and, as for the feedback impedance 38, the other end is connected to the gate 28 of FET26, 
respectively. The feedback impedance 38 gives fixed negative feedback, and stabilizes the gate bias 
of FET26 so that FET26 may operate within the limits of the request of the performance 
characteristics. The resistor which has the value of about 108-ohm order should just be used for the 
feedback resistor 38. This invention is explained in connection with a field-effect transistor. 
However, this invention can be carried out even if it uses the combination of a bipolar transistor or a 
field-effect transistor, and a bipolar transistor. 

Drawing_l c shows the same circuit 1 5 as drawingj a, and the point that a circuit 1 5 has not FET26 
but the bipolar transistor 25 differs from the circuit of draw dng 1 . That is, the base 29, the collector 
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23, and emitter 27 of a bipolar transistor 25 are formed instead of the gate 28 of FET26, a drain 24, 
and the source 36, respectively. 

Dra^ringl a shows the plan of the layout 30 of Transistor RIMS, and drawing 2 b shows the cross 
section of the RIMS structure 20 of having n form electric conduction beam 14, a substrate or the p-n 
junction drive electrode 16 in the lower layer epitaxial item 22, and the ion-unplantation sense 
electrode 18 in shell. Although the role of these two electrodes 16 and 18 can be exchanged 
mutually, that the configuration of drawing 2 a and 2b was chosen has an electrode 16 and the more 
large capacitance to the ground of a substrate 20, therefore it is because it is suitable by this 
configuration driving a beam 14. The load capacitance 34 is intentionally enlarged by using the big 
drain electrode 24. The sense electrode 18 should make the capacitance to a ground small, and the 
impregnation in the poly shell which was combined with the gate of a contiguity transistor and which 
is not doped is shallow like illustration. Although the direct-current leak resistance of polish recon 
gives direct-current bias to the gate 28 vrith the potential of a drain 24, feedback capacitance to 
which alternating current gain is reduced by negative feedback is not given. About the source 36 and 
a drain 23, diffusion is performed, respectively. 

The description of a configuration of being shown in drawing 2 a and 2b is saying that the electric 
conduction beam 14 forms a ground plane between a sense electrode and the drive electrode 1 6. The 
direct electrical-potential-difference feedback by capacity coupling considered to become the cause 
of producing a vibration unrelated to dynamic movement of a beam 14, by the screening of this 
ground plane is prevented. Only physical movement of a beam 14 changes sense capacitance, and 
makes the gate 28 produce alternating voltage in the beam 14 grounded ideally. 
Dmwjngi. shows the phase relation between the main signals in various components. The feedback 
resistor 38 can be formed by the polish recon which is not doped, and it has the very large resistance 
of about 108 ohms, and the direct current voltage of the gate 28 is set up so that a transistor may be 
turned on on the low current level near the threshold level in the high interest profit field of the 
performance curve, the time of a beam 14 displacing a variation rate x towards the drive electrode 16 
( drawing! a caudad) - forward ~ it considers as a variation rate. Since the gap of a sense capacitor 
increases, the forward displacement x means reduction of sense capacitance, to dmwing 3 , a RIMS 
oscillator is various - physical and the phase relation of an electric action are shown A curve 40 
expresses a variation rate x and a curve 41 expresses a rate x. The capacity change about sense 
capacitance is expressed by the curve 42. Here, the alternating current impedance to the ground of 
sense / gate electrode is assumed to be a very high thing so that the charge in an.oscillating period 
may be kept constant. Therefore, reduction of capacitance Cs expressed by the curve 42 means the 
increment in a sense electrical potential difference expressed by the curve 43. When there is no 
capacitive load (CL=0), a phase will shift about 180 degrees to the same, the electrical potential 
difference VD of the drain 24 with which it is expressed by the curve 45, i.e., driver voltage, gate 
voltage as the sense electrical potential difference expressed by the curve 43. Moreover, under such 
conditions, a phase shifts 180 degrees to the drive current as which driver voltage 45 is expressed by 
the curve 44. However, in an actual device, since a capacitive load 34 is not zero, a phase is in driver 
voltage 45. Therefore, the capacity component of the driver voltage 45 expressed by the curve 46 is 
the rate 41 and inphase of a beam 14, and suits conditions required in order to maintain vibration of a 
beam 14. Drawing! b shows the equal circuit for the analysis of this invention. 
The semantics of the notation used in this equal circuit is as follows. 

C.= -2-2-:=-fe >X$fi 

y s= direct-current sense electrical potential difference Vd= direct-current driver voltage 

Cg= effective gate capacitance CL= load capacitance Gd= drain conductance GL= load conductance 
Yf = feedback admittance (microscopic smallness) 
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Effective mass of m= microbeam Mechanical rigidity of k= microbeam Q 

Charge on qs= sense electrode Charge on qd= drive electrode Charge on qg= gate electrode 
Imaginary part of Im= complex Thickness of hb= beam A primitive equation is expressed as follows. 

wx+rc + ibc =-^2 2i — (1) 



V.- — s = K«i 3 >"r 

= -g»v,Z, >h(t ^ b 5 V v' X ^ © Jg-g- ( 2 ) 

V.= .^ = X£l-£ i =-b >X3 >-r>-!f-BflE 

qg=-qs (^inost equal to a preservation charge) 

'^'"(CgVc,)(h, + x,) (3) 

In the analysis in Min Q, the conditions of resonance can be derived by assuming that it is the case of 
a small signal and expressing an equation I with an ejomegat term. 

An imaginary term is expressed witfi a degree type. 
o,r»,=-i-4.Im(v^) (4) 

Next, an upper type (2), (3), and (4) are combined, and a degree type is obtained. 
(A--x.){C,+C,)(A,+x,)'' 



^i:f4, w = a),i4Cf r = ^ <!:S< i:> 

Q 

xo - < - < - If it places with hd and hs, the need minimum value of Q will be obtained by the 
degree type. 
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Z t = 



1 mC 
r 4.Q -UmP Im(-Z,)« ;i r- 



(With the equation (5), it should care about saying that the electric feedback through the admittance 
between the Yf^ drain-gates is disregarded.) 

Below, the example of the numerical solution of an equation (5) is shown. 
Cg=Cs=Cd=Co'' A. = A<=2:Ai, 



I 42E 

CO. = * 



hd=hs=hb=h Vdo=Vso=Vo K=momegao 2=rhoAbhbomegao2 



P I* ' 



8, ' 



0 » On 



Qmin — ^ 



4 kh^ 8 42 



(hy Eh" 



Gd+GL=omegaCL=go,^- - 8-85. 10"" and 



Eh] 

If h= 1 micrometer and Vo=l V, ^^K 

f \ 
\ 



= 1.81 • 10' 



6,07 • lo" 



Follow. 



-j^ =100. a=10<t-r5<!:x Q»i« = 6. OTOt^^JJc. 

In another example, if L/hb=250 and mu= 0.1, it will be set to Qmin=l 6,000. As for this example, 
the voltage gain of a transistor can become smaller than 1, and even in such a case, since die power 
gain of a transistor is larger than I, it is shown that self-resonance of die device can be carried out. 
In expansion of the aforementioned formula. Subscripts s and d show the sense electrode 18 and the 
drive electrode 16, respectively. Like the dynamic method of a foundation, an equation is the 
equation of motion 1 and the force on a beam 14 is written with the charge on the drive electrode 1 6 
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and the sense electrode 18. These charges determine tfie electrical potential difference on an 
electrode. The equation 3 which relates a sense electrical potential difference with displacement 
amplitude XI is drawn by the assumption referred to as that a charge is saved, the following group - 
an equation shows how to draw the equation showing the minimum value of the dynamic quality 
multiplier Q required to maintain dispatch directly. If an equation 5 makes the gap gaps hs and hd 
small, and enlarges the mutual conductance of a transistor and electrode bias voltage Vdo and Vso is 
made high, it shows that the need minimum value of Q becomes small. The example of use of this 
equation is shown in that degree. 

Various configurations can be carried out in this invention. Drawing 5 a thru/or 5c show the example 
of some equal circuits of the feedback resistor 38. It is about 108 ohms, the feedback resistor 38 of 
di^wmg„5 a can be mounted using non-doped polish recon, and in order that separating polish recon 
with the nitride film in order to avoid preferably formation of the especially hot high impedance 
direct-current pass which avoids the high impedance direct-current pass to a ground may prevent 
desirable feedback of the drain-gate, it should form the low alternating current impedance pass to a 
ground. 

Although the capacitance of the nitride film forms the distributed capacitance 48 as shown in 
drawing 5 b, as shown in &awin&4 , it may need to prepare load capacitance separately. 
Another beam configuration 52 which can acquire a remarkable advantage is shown in drawing 6 . A 
configuration 52 uses torsion or bending mode of a beam 54 which side plates 56 and 53 were 
arranged and attached in both sides like the aerofoil of an airplane. The drive electrode 16 and the 
sense electrode 1 8 are arranged so that the same side may be turned to (that is, both turn to an 
aerofoils 56 and 53 top or the bottom like), and when the capacity of one near capacitor decreases, 
the capacity of the near capacitor of another side increases. Therefore, the electrodes 16 and 18 of 
phase relation are the same as that of the case [ as / in drawing 2 ] where the beam is arranged up and 
down. The localization field of the shell of the upper part of a beam 54 and a beam 54 is grounded, 
and sufficient electric insulation is secured as expected between the drive electrode 16 and the sense 
electrode 1 8 or between the gate 28 and a drain 24. Also in a configuration 52, the aforementioned 
analysis is applied. P-n junction is unnecessary to the beam down side, and it is easy to connect the 
same flat electrode on shell to FET, and from the result to which it becomes small last losing the 
strain energy of the beam to a given change of a drive or sense electrode capacitance small 
(distortion sensibility becomes low), I hear that Q becomes high and the advantage of the 
configuration 52 of thinking potentially has it. 

As shown in drawing 7 , coplane-like the drive electrode 16 and the sense electrode 1 8 are used for 
another operation gestalt 55. With this configuration 55, two beams 57 and 59 each other weakly 
combined through the supporter of an edge are used like a tuning fork. When a beam moves caudad 
by the antisymmetrical state oscillation mode conversely [ when one beam moves up / move / the 
beam of another side / caudad and / while ], the beam of another side moves up. Namely, as for both 
beams, the phase is shifted 1 80 degrees mutually. Also in this case, the aforementioned analysis can 
maintain resonance with one transistor by being applied, amplifying the signal fi"om the sense 
electrode 16, and supplying a drive electrode. 

Another operation gestalt 60 is shown m drawing 8 a. In this operation gestalt, the drive electrode 16 
and the sense electrode 18 are arranged at the same beam 62 side, and two capacitance, the drive 
electrode 16 and the sense electrode 18, is mutually in phase, and it changes. The case of the 
operation gestalt aforementioned [ some of] in the driver voltage of a resonator 60 and the phase are 
reverse. The addition stage 64 is for acquiring a reversal signal required for the drive electrode 16. 
Transistors 66 and 68 are p-channel metal oxide semiconductor (PMOS) devices which have the 
current mirror which gives 1 80 more phase changes. A transistor 26 is n-channel transistor which 
becomes a process of the same kind. The loading resistor and the capacitor are connected with the 
ground between transistors 68, and the drive electrode is connected between the transistor 68, and 
the loading resistor/capacitor 70. It is also possible to use a complementary metal oxide 
semiconductor (CMOS) technique in the manufacture process of a device 60. In a fundamental 
CMOS process, although an excessive manufacture step is required compared with n-channel metal 
oxide semiconductor (NMOS) technical process, more advanced design flexibility is obtained. 
The source follower 18 in the configuration 61 of drawingj b can attain the inphase nature of the 
sense electrode 18, the drive electrode 16, and the phase of a between. The current gain or power 
gain of this circuit of the voltage gain of the source follower circuit 180 is enough for the oscillator 
which has sufficiently high Q. The bias resistor 182 which has a very high value was connected with 
the drain of a transistor 1 80 between the gates, and gate bias has been obtained by this. A loading 
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resistor 184 gives negative feedback and stabilizes bias. 

Since a beam 62 is driven with sufficient right phase for an oscillation, the load capacitor 1 86 gives a 
late phase voltage component. The capacitive sense electrode 18 is connected to the gate of a 
transistor 180, and the electrostatic drive electrode 16 is connected to the source, respectively. 
Drawmg-9 a is the sectional side elevation of the double beam resonance unification microbeam 
sensor 80. The most remarkable difference between the device 80 of illustration and the operation 
gestalt of the above-mentioned microbeam is in two or more beam structure. Micro machining of the 
device 80 can be carried out using a polish recon film. The drive electrode 76 is formed into the 
substrate 82. If a substrate 82 is approached, there is a lower cavity 84, and if a cavity 84 is 
approached, the 1st microbeam 72 to which the both ends were fixed as an one part of silicon 82 is 
formed. Moreover, the 2nd microbeam 74 which the beam 72 was made to carry on the back is 
formed in parallel with the 1st microbeam 72. Both ends are being fixed where micro machining of 
the microbeam 74 is carried out firom the same piece of silicon as a microbeam 72. The slit-like 
middle cavity 86 is formed among beams 72 and 74. If a beam 74 is approached, the sense electrode 
78 which makes the one part of the wrap shell 90 is formed in the electrode 79 and the beam 74. The 
up cavity 88 is formed between the sensor 78 and the beam 74. Shell 90 gives perfect sealing 
performance to a cavity 88. Cavities 84, 86, and 88 are exhausted and form a common vacuum 
chamber. 

Cteawing.? b shows the electronic shift register of the double beam RIMS80. the drive electrode 76 
comes out and has the driver voltage signal which vibrates a microbeam 72 in the mode with the 
resonance frequency. A beam 74 vibrates on the same firequency through mechanical association 
with a beam 72. Beams 72 and 74 are connected to the groimd. The value of resonance frequency 
can show the magnitude of the lengthwise direction tension which acts on beams 72 and 74, and can 
show the measured value of a pressure, acceleration, or other physical quantity. The sense electrode 
78 is approached and formed in the microbeam 74, detects vibration of a microbeam 74 electrically, 
and sends an oscillating indication signal to n-channel transistor 92. A transistor 92 amplifies an 
oscillating indication signal and the amplified signal is combined with the push-pull amplifier which 
has p-channel transistor 96 and n-channel transistor 98 with a coupling capacitor 94. The common 
node of the drain of a transistor 98 and the drain of a transistor 98 is an output 108, and this output 
108 is connected to the drive electrode 76. The gate of a transistor 92 is connected to the high 
impedance feedback resistor 102. The resistor 102 is connected to the gate of a transistor 92, The 
value of a resistor 102 is the value with which the bias of a transistor 92 is maintained in the linearity 
range. It connects with juxtaposition mutually and a loading resistor 104 and the load capacitor 106 
connect the drain of a transistor 92 to forward (5-12 volts) power-source V-H. The value of a resistor 
104 and a capacitor 106 is decided by resonance fi-equency of microbeams 72 and 74. 
Drawjiig.iO a thru/or lOd of triple resonance unification microbeam sensors 100 are shown. Drawing 
10 a is the side elevation of the structure of RIMS 100. A device 100 can be manufactured by micro 
machining firom silicon or other same processible ingredients. Into the substrate 1 10, a center beam 
120 is approached and the drive wire or electrode 116 which drives this is prepared, moreover, the 
sense electrode 1 14 which approaches in a substrate 1 10 at an edge beam 122, and detects this - and 
- An edge beam 124 is approached and the sense electrode 118 which detects this is formed. 
Although these electrodes are not shown on account of the cutting location of a sectional view at 
drawing . .LQ a, they are drawn on 10b which is the sectional view which was rotated 90 degrees and 
cut drawing JO a. 

The lower cavity 126 is formed near a drive and the sense lines 1 14, 1 16, and 1 1 8. A sense line is 
approached and the microbeam segments 120, 122, and 124 all over the same silicon layer or a field 
132 are formed in the upper part. The beam 120 is illustrated by drawin g 10 a. Diawing lO b and 10c 
show the physical relation of beams 120, 122, and 124. If beams 120, 122, and 124 are approached, 
the up cavity 128 is formed. These are sealed in the upper part of these whole 126, i.e., a lower 
cavity, and the up cavity 128, and the shell 130 which closes beams 120, 122, and 128 is formed in 
it. Cavities 126 and 128 are maintained at a vacuum. As for beams 120, 122, and 124, the both ends 
of each triple microbeam are being fixed. A center beam 120 usually has the width of face of edge 
beams 122 and 124 twice the width of face of each. Beams 120, 122, and 124 are separated mutually 
and partially by the slit 1 34 with the layer 1 32. Edge beams 122 and 124 vibrate with a center beam 
120 and the phase shift of 180 degrees in phase mutually. Edge beams 122 and 124 combine the 
vibration from a center beam 120 mechanically. The resonance frequency of beams 120, 122, and 
124 changes with the tension which acts on these beams through the attachment edge of these beams. 
This tension is directed with the value of the resonance frequency of a beam with regards to the 
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magnitude of the physical development which it is going to measure. 

Drawing 10 d is the outline circuit diagram of the electronic circuitry of the triple beam RIMS 100. 
The sense electrodes 1 14 and 1 18 are connected to the gate of n-channel transistor 136, The drive 
electrode 1 16 is connected to the output and drain of a transistor 136. The high resistance feedback 
resistor 138 is connected between the gate of a transistor 136, and a drain. The loading resistor 140 is 
connected to the load capacitor 142 and juxtaposition. A resistor 140 and a capacitor 142 connect the 
drain of a transistor 136 to forward electrical-potential-difFerence power-source V+, and set up an 
adjustable output level. 

Drawing 1 1 a and lib show the microbeam 144 of the structure where only the end was combined 
with the substrate 152. Since the resonance frequency of the microbeam structure 150 changes by 
relation with the temperature, such microbeam structure 1 50 has an application as a temperature 
sensor. The microbeam structure 150 can be used also as the above-mentioned electric machine type 
filter. Into the substrate 152, the drive electrode 146 for driving the cantilever beam 144 is formed. It 
connects with the ground, the cantilever beam 144 forms the electrode which has the capacitance 
related to the drive electrode 146, and this capacitance changes according to the distance between a 
beam 144 and an electrode 146, This distance changes as a beam 44 exercises or vibrates. With the 
same ingredient as a layer 154, a beam 144 places a gap 156 and is formed. The lower cavity 158 is 
formed between the beam 144 and the drive electrode 146. Shell 162 is formed in the upper part of a 
beam 144 with the up cavity 164. The beam 144 is placed into the vacuum of the space of the up 
cavity 164 and the lower cavity 158. The sense electrode 148 is arranged at shell, it has the 
capacitance related to a beam 144, and this capacitance changes according to the distance between a 
beam 144 and an electrode 146. Drawingll a is what showed the field of a layer 154 except for the 
shell 162 on a beam 144, and the gap 156 which forms the cantilever beam 144 is shown. 
Dra.wing_l 1 c is formed of a gap 170, and shows the configuration 160 which has two cantilever 
beams 166 and 168 each other arranged on a substrate 172 at the side. If these cantilever beams 
[ each other ] 166 and 168 of a pair of are combined mechanically and the drive electrode 176 drives 
a beam 166, a beam 166 will combine the vibration with a beam 168, a beam 168 will vibrate, and 
the vibration will be detected by the sensor electrode 178. Electrodes 176 and 178 are formed into 
the substrate 172. The configuration 160 of drawing 1 1 c has the same shell as a configuration 150, 
the upper part, and the lower chamber of drawng, 1 1 a and 1 lb, 

Dramag . 1 2 a is the outline circuit diagram of the electronic circuitry incidental to the single 
cantilever beam 144 used as a temperature sensor. This electronic circuitry is sunilar with the 
electronic circuitry of drawing 1 a. A beam 144 is driven with the drive electrode 146, and the 
vibration is detected by the electrode 148. Since the resonance frequency of a beam 144 changes 
with slight change of an elastic modulus according to temperature, it is used as a temperature 
indicator. 

The device of drawng 12 b is the filter of the resonance frequency of a beam 144. The signal which 
is going to filter is supplied to the drive electrode 146, and excites a beam 144. The signal which 
most signals which have frequencies other than the resonance frequency of a beam 144 do not 
vibrate a beam 144, therefore is detected with the sense electrode 148 is so weak that it can be 
disregarded, A beam 144 is driven easily, and is resonated, a significant signal is detected by the 
sense electrode, and the signal which has the frequency which is the resonance frequency of a beam 
144 is ampUfied by the attendant electronic circuitry. 

EfrawmgJ 2 c shows the outline circuit diagram of a dual cantilever beam and its accompanying 
electronic circuitry. The output of the electronic circuitry of illustration drives a beam 166 with the 
resonance frequency which changes according to the equipment temperature of a beam 166. 
Vibration of a beam 166 drives a beam 168 through mechanical association, and is resonated on the 
same frequency as a beam 166. Vibration of a beam 168 is detected by the sense electrode 178, and 
the sense electrode 178 inputs the signal into an electronic circuitry. The output of an electronic 
circuitry is sent to the drive electrode 176, follows vibration of a beam 166, and makes vibration of a 
beam 168 maintain. Charges 176 and 178 are in the same beam 166 and 168 side. Beams 166 and 
168 vibrate by the phase contrast of 1 80 degrees mutually, and it is reversed and the detected signal 
is not only amplified, but is sent to the drive electrode 176. 

The dual microbeam filter sensor is shown in drawing 12 d. This beam configuration is the same as 
the configuration of drawi ng 12 c, except that the connection relation between an electronic circuitry 
and electrodes 176 and 178 differs in that the signal which the drive electrode 176 tends to filter is 
received. This device is the filter of the resonance frequency of a beam 166. The signal which is 
going to filter is supplied to the drive electrode 176, and drives a beam 166. Vibration of the beam 
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168 which most signals which have frequencies other than the resonance frequency of a beam 166 do 
not vibrate a beam 166, therefore minds mechanical association is so weak that it can be disregarded, 
or it does not exist, and the signal detected with the sense electrode 1 78 is so weak that it can be 
disregarded, or is not detected at all. A beam 166 is driven easily and the signal which has the 
frequency which is the resonance frequency of a beam 166 resonates it, and the vibration is 
combined with a beam 168 and it is resonated. The vibration is detected by the sense electrode 178, 
and the detected signal is inputted and amplified by the gate of a transistor 26. The output produced 
in a drain 24 is the signal of a passband, and is the signal of the resonance frequency of beams 166 
and 168. The electronic circuitry of the temperature detection configuration of draw ing 12 a and 12c 
is the same as the electronic circuitry of the configuration 10 of drawing 1 a. Althou^ tihe electronic 
circuitry of drawing 12 b and a 12d filter configuration is similar with the electronic circuitry of the 
confijguration 10 of .dfewngl a similarly, the electronic circuitry of drawing 12 a and 12c is the 
ampUfier of detection vibration of a mere beam, and since the oscillator for maintaining vibration of 
a beam is unnecessary, the load capacitor 34 is unnecessary and is not mcorporated. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[ Drawin g 1 a] 
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